The geological, geochemical and mineralogical data of dismembered ophiolites of various ages and genesis occurring in accretionary piles of the Eastern Peninsulas of Kamchatka enables us to discriminate three ophiolite complexes: (1) Aptian-Cenomanian complex: a fragment of ancient oceanic crust, composed of tholeiite basalts, pelagic sediments, and gabbroic rocks, presently occurring in a single tectonic slices (Afrika Complex) and in olistoplaques in Pikezh complex of the Kamchatsky Mys Peninsula and probably in the mélange of the Kronotsky Peninsula; (2) Upper Cretaceous complex, composed of highly depleted peridotite, gabbro, and plagiogranite, associated with island arc tholeiite, boninite, and high-alumina tholeiitic basalt of supra-subduction origin; and (3) Paleocene-Early Eocene complex of intra-island arc or backarc origin, composed of gabbros, dolerites (sheeted dikes) and basalts produced from oceanic tholeiite melts, and back arc basin (BAB)-like dolerites.
the accretionary pile of the eastern peninsulas of Kamchatka (Nokleberg et al. 1994; Khotin 1976; Markovsky & Rotman 1981; Vysotsky 1989; Fedorchuk 1992; Osipenko & Anosov 2002) . Some workers reassemble disintegrated fragments of peridotite, gabbro, and basalt from the Kamchatsky Mys Peninsula into a coherent ophiolite suite, interpreting these fragments to be derived from oceanic crust (Peyve 1987; Vysotsky 1989; Zinkevich et al. 1985) . According to the data of Fedorchuk (1989) , the Kamchatsky Mys ophiolite assemblage consists of at least three genetically different complexes, generated in contrasting geodynamic settings: oceanic basement, oceanic cover, and island arc. In We have studied ophiolite associations of the Kamchatsky Mys and Kronotsky peninsulas (Fig. 1) . The ophiolitic rocks occurring in different segments of the Kronotsky paleoarc can be reassembled into several ophiolite suites of different ages originating from complexes of different geodynamic settings (Kramer et al. 2001; Skolotnev et al. 2003) . In addition, it will be shown that ophiolites from different segments of the Kronotsky paleoarc have different compositions, which suggests arc basement heterogeneity and diversity of geodynamic settings that produced ophiolites as the island arc kept evolving. This paper presents data and results from many years of our study and comprehensive geological analysis of the age and chemistry of a variety of ophiolite fragments found in Eastern Kamchatka.
(Pikezh complex) and serpentinite mélange and peridotites of Mt. Soldatskaya Massif (Khotin 1976; Vysotsky 1989; Fedorchuk 1989) . According to the data of Fedorchuk (1989) and Saveliev (2004) there are alkaline basalts in the field of Pikezh complex development. Their interrelationship with the host rocks of Pikezh complex is not clear. Saveliev (2004) considers the alkaline basalts as thin lava-flows. We suppose that these basalts may form thin tectonic slices in tuffs of the Pikezh complex.
Aptian-Cenomanian rocks (Afrika Complex) commonly occur in the form of thin tectonic slices and large olistolithes among Upper Cretaceous deposits (Pikezh complex) or in serpentinite mélange.
Ophiolite fragments of the Kamchatsky Mys Peninsula ( The Kronotsky Peninsula displays Coniac-Campanian-Maastrichtian rock complexes of the Kamenistskaya and Eocene Kronotskaya Formations, consisting of pillow-basalt alternating with hyaloclastite, tuff, tuffite, siliceous, and tuffaceous conglomerate (Raznitsyn et al. 1985; Shcherbinina 2000; Boyarinova 2001) (Fig. 1b) .
Structurally, the eastern part of the peninsula forms a large anticlinal fold with thrusted limbs. Paleogene deposits make up a monocline pile. Basalts of Kamenistskaya and Kronotskaya Formations, according to Khubunaya (1987) , are classified as plagioclasebearing tholeiites. A tectonic slice of serpentinite mélange separates tuffaceous and volcanic island arc complexes of the Kamenistskaya (Upper Cretaceous) and Kronotskaya (Eocene) Formations. Pebbles of serpentinized peridotite are found in tuffaceous conglomerates of the Kronotskaya Formation (Raznitsyn et al. 1985) .
Ophiolites of the Kronotsky peninsula consist of peridotite, gabbro, dolerite, basalt, amphibolite, plagiogranite, rodingite, and ophicalcite blocks in serpentinite mélange. Here, a large massif of serpentinized harzburgite with lenticular dunite bodies 300 m in thickness and covering an area of 12 km 2 was mapped (Raznitsyn et al. 1985; Boyarinova 2001; Skolotnev et al. 2003) (Fig. 1b) .
In the Shipunsky segment of the Kronotskaya paleoarc, no ophiolitic rocks crop out. In the Shipunsky Peninsula, Maastrichtian(?)-Middle Eocene volcanic and tuffaceous complexes are widespread (Tsukanov et al. 1991) .
FIELD RELATIONS
Ophiolites of the Kamchatsky Mys Peninsula were studied from the Olenegorsk Pluton and Mt. Soldatskaya Massif and from near the sources of the Pervaya Olkhovaya and Pervaya Perevalnaya rivers (Fig. 1a) .
The structure of the Mt. Soldatskaya peridotite massif was studied in outcrops along the Belaya River. The lower part of the massif is composed of fresh medium-grained peridotite (200 m thick), cut by numerous faults. Serpentinized peridotites crop out in the middle part of the massif (nearly 100 m thick). The serpentinite mélange occupies the upper structural position. It extends further to the north-east to the 1 st Olkhovaya River.
The mélange contains large blocks of pillow-basalt, amphibolite, amphibole schist, greenschist, tuff, chert, gabbro, basalts and thin-layered pelagic sediments of AptianAlbian and Albian -Senomanian age (Fedorchuk 1989; Zinkevich et al. 1993) .
The structure and composition of the Olenegorsk Pluton were studied in outcrops along the Olenya, Stremitelnaya, Vodopadnaya Rivers, and Kamenny Stream (Fig. 2 ).
Olenegorsk Pluton is made up of several tectonic slices, composed of gabbroic rocks with dolerite dikes (Fig. 2) . Gabbroic rocks are mainly represented by diallage gabbros with rare coarse-grained olivine gabbro-norite schlieren of 1.5-3 m thickness (Kamenny Stream). The dolerite dikes, which are 0.5-5 m in thickness, cross-cut the gabbro. In some places we observe numerous roughly parallel nearly vertical dikes resembling a sheeted dike complex (Vodopadnaya and Stremitelnaya Rivers). Along the contacts of the tectonic slices, serpentinite mélange is developed. The mélange contains blocks of gabbro, dolerites and rodingite. Near these contacts the gabbro section shows numerous serpentinite enclaves (0.1-5 m size) ( Fig. 3a-e) . The nearly 10 m wide outcrops of a layered series are likely related to the same zone of serpentinite mélange (Vodopadnaya and Stremitelnaya Rivers).
The Olenegrosk Pluton is tectonically overlain by a strongly tectonized pillow-basalt with thin interlayers of jasper and cherty mudstone Paleocene-Early Eocene age (Vysotsky 1989) (Kamensk complex) (Fig. 2) . The latter is overthrusted by Upper Cretaceous Pikezh complex (Fedorchuk 1989) . It hosts olistoliths of limestone, jasper, and pillow basalt of Albian-Cenomanian age (Fedorchuk 1989) .
In the west and northwest of the source region of the Pervaya Olkhovaya and Pervaya Perevalnaya rivers, serpentinite mélange is widespread. It contains blocks of pillow-basalt, amphibolite, amphibole schist, greenschist, tuff, chert, and gabbro. A large gabbro body, 1.5 km across and not less than 100 m thick, was studied there (Fig. 4) . The gabbro contains plagiogranite making a network of veins of irregular shape 1 to 5-7 cm thick and dike-like bodies about 1.5-2.0 m thick, which intrude the gabbro and contain angular gabbroic xenoliths (Fig. 3f) . Besides, here one finds plagiogranite porphyry dikes which are 5-7 m in thickness, cutting the gabbro and dolerite dikes (Tsukanov et al. 2004 Olenegorsk Pluton. We studied the rocks of the layered series in two small tectonic blocks, enclosed in gabbro in the Olenegorsk Pluton. On the right bank of the Stremitelnaya River, the structure of this block is extremely heterogeneous due to irregular distribution of the major constituents olivine, plagioclase, and pyroxenes. On the right bank of the Vodopadnaya River, a small block in serpentinite mélange contains lenses and layers (5-20 cm thick) of anorthosite in massive serpentinite. Some of these lenses are surrounded by haloes of small plagioclase segregations. The serpentinite contains schlieren of plagioclase peridotite and troctolite (0.1-1 m across) and sections of rhythmic texture, in which thin (2-7 cm) layers of anorthosite and troctolite alternate. This rhythmicity is not uniform.
Depending on the proportions of the major constituents in different localities through the body, the rocks may be classified as anorthosite, serpentinite after peridotites and plagioclase-bearing peridotite, as troctolite, pyroxene-bearing troctolite, and olivine gabbro-norite. In the pyroxene-bearing troctolite, among olivine aggregates occur xenomorphic segregations of irregular shape (0.2-1 cm across) composed of pyroxene (mainly clinopyroxene) and plagioclase grains. In the troctolite those segregations are composed of plagioclase with sporadic clinopyroxene grains.
The gabbroic rocks of the Olenegorsk Pluton are dominated by gabbro sensu stricto with gabbroic texture, in places containing small amounts of orthopyroxene. The accessory minerals are magnetite and, less frequently, ilmenite. Secondary alterations are, as a rule, insignificant. The clinopyroxene is, in places, partly altered to amphibole (actinolitic hornblende); and the plagioclase may be replaced by hydrogrossular, prehnite and chlorite. In many previous papers, these rocks were referred to as "diallage gabbro."
Olivine gabbro-norite occurs in schlieren in the diallage gabbro. One of the schlierens, nearly 2 m across, was studied in the lower reaches of the Kamenny Stream. Partly the olivine gabbro differs from the typical gabbro in containing xenomorphic segregations of irregular shape, each composed of several small olivine grains, stretching in chains. The olivine is partly or completely replaced by serpentine, smectite and chlorite.
The Olenegorsk Pluton gabbros contain numerous serpentinite enclaves. Around the enclaves, the gabbro texture changes sharply, becoming very coarse grained. As a rule, at the contact with the serpentinite, the plagioclase in the gabbro is replaced by prehnite, and the clinopyroxene shows strong plastic deformation.
Olkhovaya Gabbro Block. The gabbroic rocks comprise fine-grained hornblende gabbro and gabbro-norite and are intruded by plagiogranite dikes. They show strong secondary alteration (low-grade metamorphism). The clinopyroxene is partly or completely replaced by a variety of amphiboles, and prehnite was formed within plagioclase.
The plagiogranites are fine-to medium-grained and have equigranular texture; less frequently, they have granophyric texture composed of vermicular intergrowths of quartz and plagioclase. The plagiogranites are mainly composed of plagioclase and quartz. The mafic minerals are biotite and amphibole (< 5%); the accessory minerals are zircon, apatite, sphene, and an ore mineral; and the alteration assemblage includes chlorite, epidote, zoisite, sericite and saussurite.
Volcanic and subvolcanic rocks. The dolerites, occurring as dikes, have fine-to mediumgrained ophitic to plagiophyric ophitic texture and are mainly composed of plagioclase and clinopyroxene with some titanomagnetite (3-5%). The clinopyroxene is often partly or completely replaced by chlorite and actinolite; medium-to low-Na plagioclase by albite (domains and rims), epidote, and sericite; and titanomagnetite by sphene and leucoxene. Table 1 ). The rocks are depleted in Ti, Al and Ca (TiO 2 = 0.005-0.008%, Al 2 O 3 = 0.1-0.6%, CaO = 0.10-0.85%). The spinel peridotites have increased LREE: (La/Eu) n = 1.86, show low MREE contents of 0.04 to 0.10 ppm and low HREE contents from Dy to Er (Fig. 5a ), have MREE depletion relative to HREE: (Lu/Eu) n = 6.3 (Fig. 5a ). Therefore, they are similar to SSZ peridotites like the Troodos ultramafics according to Kay and Senechal (1976) .
Olenegorsk Pluton. Diallage gabbros from the Olenegorsk Pluton are lower in titanium, sodium, potassium, and phosphorus (0.17-0.38% TiO 2 , 1.57-2.21% Na 2 O, 0.01-0.04%
.01-0.02P 2 O 5 ) and distinctly higher in magnesium and calcium (9.0-10.4% MgO, 12.0-14.2% CaO) compared to the basalts (Table 1 ). In the olivine gabbro-norites, SiO 2
and TiO 2 contents are lower and MgO contents are higher than in the diallage gabbros.
The REE patterns in the diallage gabbros are similar to those in the cumulates crystallized from N-MORB melts: (La/Sm) n = 0.3-0.9, La n = 1.5-2.8, Sm n = 3-4.5, Lu n = 2.8-6; distinct positive Eu-anomaly is noted (Fig. 5b) . Major-and trace element contents of parts of the Olenegorsk Pluton represent ultramafic members of the layered rock series rocks (see the plagioclase peridotites 9814-4 and 9814-10 in Table 1 ). Olkhovaya Gabbro Block. In terms of bulk rock chemistry, gabbroic rocks from the source of the Pervaya Olkhovaya River are similar to those of the Olenegorsk Pluton (Table 1) .
Their REE totals are nearly 1-4 times the chondrite value. The REE patterns in the gabbroic rocks are nearly flat and similar to those of N-MORBs; i.e., the plots dip down from MREE to LREE (Fig. 6a ). The relatively low TiO 2 , Y, and Zr contents (0.16-0.91%, 4.3-13 ppm, and 5-46 ppm, respectively) render them similar to the Philippine Sea gabbroic rocks (Fig. 7a ).
The SiO 2 vs. K 2 O covariations indicate that plagiogranites are low-K rocks (Fig. 8 ).
They are also low-Al granitoids (11.3-13.4% Al 2 O 3, Table 1 ). The ocean ridge gabbro et al. 1984) patterns of the plagiogranites show low large-ion lithophile element (LILE) contents, approximately at the hypothetical ORG level, and highfield strength elements (HFSE) depletion; distinct Ta, and Nb minima are noted (Fig. 9 ).
The plagiogranites show chondrite-normalized REE patterns with low, nearly 10-times chondritic value, REE totals, which are slightly higher than in the gabbroic rocks. Some of the patterns show REE contents similar to the gabbroic rocks, and positive Eu-anomaly (samples M11/6, M12/6); others are slightly LREE enriched and have weak negative Euanomaly (samples M-16, M12/3) (Fig. 6a ). Table 2 ). In this case the La/Sm ratio is increased (0.9-1.0)
indicating their derivation from less depleted T-MORB melts. However, the alkalies and other LILE may be higher because of their alteration, low-grade metamorphism included (smectitization, chloritization and sericitization) ( Fig.10a to 10c ).
Dolerites forming the dikes from the Olenegorsk Pluton are compositionally similar to the basalts just mentioned, differing from them in having lower potassium (0.04-0.26% K 2 O) and sodium contents (1.90-2.45% Na 2 O) and higher magnesium (8.0-8.9% MgO) ( Table 1 ). The REE patterns of the dolerites are roughly parallel to N-MORB (compare diagrams of Fig. 5d ), but their REE totals are lower (15-20 times the chondritic value;
La/Sm) n = 0.4-0.6; weak negative Eu-anomalies are observed.
OPHIOLITES OF THE EASTERN KRONOTSKY PENINSULA
Chemically, serpentinized harzburgites differ from Mt. Soldatskaya rocks in having higher contents of titanium, aluminum and calcium (0.01-0.02% TiO 2 , 0.70-1.3% Al 2 O 3 , 0.10-1.45% CaO) and lower magnesium (37.7-38.6% MgO), the latter mainly due to the generally high degree of serpentinization ( Table 3 ). The REE patterns of the pyroxenites and gabbro-pegmatites are similar to peridotitic ones, but REE totals in the former are slightly higher. This indicates that these rocks, occurring among these peridotites, crystallized from melts similar to primary ones, derived from peridotite melting.
The gabbro-pegmatites have positive Eu-anomalies indicating plagioclase predominance; the pyroxenite shows negative Eu-anomaly. (Fig. 5c ). The gabbroic rocks, very coarse crystalline gabbros and gabbro-dolerites, differ distinctly from those of the Olenegorsk Pluton in terms of magnesium, sodium, potassium, and titanium contents (4.5-5.0% MgO, 3.25-4.2% Na 2 O, 0.66-1.22% K 2 O, 0.51-0.79% ТiO 2 ) ( Table 3 ). These differences are due partly to secondary alteration since the REE patterns of the gabbro-diabase are similar to those of the gabbros crystallized from depleted oceanic tholeiites. However, the REE pattern of the very coarse crystalline gabbros with higher potassium contents rises gradually from HREE to LREE, probably indicating derivation from enriched melts (Fig.   5c ). Basalts from the serpentinite mélange of the Kronotsky Peninsula are chemically similar to N-MORB derivatives (see Fig. 10 ) (Skolotnev et al. 2003; Saveliev 2004) .
Dolerites (blocks from the serpentinite melange) have similar chemistry as the basalts.
However, they are more depleted than the basalts and have particularly lower Al, high field strength elements (HFSE) like Nb, Ta, Hf and Ti, whereas the LILE, Th and Ba are increased relatively to Nb and Ta (Table 3 ) (Fig. 10b) . The above features of the Cr-spinels and serpentinite textures in the ophiolite associations and oceanic peridotites were repeatedly described in literature and interpreted to result from impregnation of peridotites by mafic melts (Seyler & Bonatti 1997; Bonatti et al. 1992; Tartarotti & Vaggelli 1995) . If this is the case, then the Mt. (Fig. 7b) . 
MINERAL CHEMISTRY

OPHIOLITES OF THE SOUTHERN KAMCHATSKY MYS PENINSULA
OPHIOLITES OF THE EASTERN
GEODYNAMIC SETTING AND CONCLUSIONS
Our study shows that the rocks attributed to the ophiolite assemblage based on geological, geochemical, and mineralogical evidence constitute several ophiolitic complexes of different origins.
(1) Aptian-Cenomanian complex: a fragment of ancient oceanic crust, composed of tholeiite basalts, pelagic sediments, and gabbroic rocks, presently occurring in distinct tectonic slices (Afrika Complex) and in olistolithes in Pikezh complex of the Kamchatsky Mys Peninsula and probably in mélange of the Kronotsky Peninsula. 
1993; Bloomer et al. 1995).
The fine-grained gabbro with plagiogranite from the source region of the Pervaya Olkhovaya River may be attributed to the same supra-subduction ophiolite complex.
Plagiogranite occurring in fine veins and dike-like bodies in the gabbroic rocks shows that they formed at the late stage of gabbro emplacement. The presence of angular gabbroic xenoliths in plagiogranite confirms that the plagiogranites crystallized later than the Olkhovaya gabbro (Fig. 3) . The above trace element data for the plagiogranites (negative Ta, Nb anomalies; Rb vs. Y+Nb interrelation) and the low TiO 2 , Zr, and Y contents of the gabbroic rocks along with their mineral compositions lead to the conclusion that these rocks were formed in supra-subduction zone (SSZ) setting. However some of the REE patterns in the gabbroic rocks and some plagiogranites are similar to those of oceanic tholeiites. From the chemical and mineralogical data, it appears most likely that the gabbroic rocks and plagiogranites are derivatives of island arc tholeiitic melts. The plagiogranite melt was residual in the process of parental tholeiitic magma fractionation, and at later stages it was squeezed out of the magma chamber. Geochemical modeling
shows that LREE depleted plagiogranites may result from 70-80% fractional crystallization of gabbroic liquid (Fig. 6b) The mineral chemistry data suggest similarity of the Kronotsky Peninsula peridotites to moderately depleted restites widespread in mid-ocean ridges (Bonatti and Michael 1989).
Most meaningful in this respect are the high Al contents of the spinels and orthopyroxenes (Fig. 11) . However HREE contents in peridotites are distinctly lower than those in midoceanic ridge mantle residues (MOMR). Moreover, the LREE patterns of the peridotites and of their cogenetic pyroxenite and gabbro-pegmatite dikes point to a cryptic metasomatic imprint above the subducting plate. Therefore, these peridotites may have formed as oceanic rift residues and suffered depletion and slab-induced metasomatic (in Russian). Fig. 1, Fig. 2 However, the BABB-type dolerite dyke fragments from the Kronotsky Ophiolite Melange (b) display strong Nb-Ta anomalies. 
